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(54) Vehicle power cables retaining structure 

(57) High-tension cables 7U, 7V, 7W connect an in- 
verter 6 disposed outside an engine compartment with 
a motor/generator 3 disposed in the engine compart- 
ment, the high-tension cables 7U, 7V, 7W are individu- 
ally passed through metallic protection pipes 30 under 



a floor of a vehicle, the protection pipes 30 are supported 
from an underside of the floor, and the high-tension ca- 
bles 7U, 7V, 7W are passed through a protection tube 
20 over a predetermined distance from the motor/gen- 
erator 3 in the engine compartment 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vehicle pow- 
er cables retaining structure. 

[0002] A power cable for supplying power from a bat- 
tery to a driving motorin an electric vehicle has relatively 
thick in diameter and is hence relatively heavy in weight 
[0003] Due to this, conventionally, as is disclosed in 
Patent Literature No. 1, for example, a plurality of power 
cables are fixed onto a floor, and the power cables so 
fixed are then surrounded all together by a protection 
cover which is formed by bending a plate material. 

[Patent literature No. 1] 

JP-A-5-207610 

[0004] However, in the event that the plurality of pow- 
er cables are surrounded collectively by the protection 
cover in the conventional fashion, a large useless space 
is created within the protection cover, and this leaves a 
problem to be solved from a viewpoint of effective use 
of a space above the floor. 

[0005] In addition, a route along which the power ca- 
bles are laid out is not always simply linear but may be- 
come sometimes complex due to rises and bends, and 
in the event that the protection cover is attempted to be 
mounted along the power cables which are routed com- 
plexly, the protection cover itself has to be formed into 
a complex shape accordingly, and the formation of such 
a complexly shaped cover becomes difficult Addition- 
ally, there occurs a case which requires the protection 
cover to be divided into a plurality of portions, and this 
makes troublesome the mounting of the protection cov- 
er so divided, the workability and productivity being 
thereby deteriorated. 

SUMMARY OF THE INVENTION 

[0006] Then, the invention is made to provide a vehi- 
cle power cables retaining structure which can provide 
an effective use of a space above the floor by laying out 
power cables along an underside of the floor and which 
can provide good workability and productivity even 
when the power cables are laid out along a complex 
route. 

[0007] With a view to solving the problem, according 
to a first aspect of the invention, there is provided a ve- 
hicle power cables retaining structure for retaining pow- 
er cables (for example, high-tension cables 7, 7U, 7V, 
7W in the embodiment that will be described later on) 
laid out along an underside of a floor (for example, a 
floor 14 in an embodiment that will be described later 
on) of an electric vehicle (for example, a hybrid vehicle 
1 in the embodiment that will be described later on) , 
wherein the power cables are individually passed 



through metallic protection pipes (for example, protec- 
tion cables 30 in the embodiment that will be described 
later on), and the metallic protection pipes are then re- 
tained on the underside of the floor of the vehicle. 

5 [0008] According to the construction, the power ca- 
bles can be simply laid out along the underside of the 
floor of the vehicle. In addition, the protection pipes pro- 
tects the power cables againstjumpingpebblesand- 
splashedwater. Furthermore, since the protection pipes 

10 have the rigidity, the protection pipes prevent the deflec- 
tion of the power cables. The protection pipes cut off the 
conduction of heat from the outside so as to protect the 
power cables against a damage that would be caused 
by heat. Since the protection pipes have an electromag- 

15 netic shielding function, non-shielding cables can be 
used as the power cables. 

[0009] According to a second aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture for retaining power cables (for example, 7, 7U, 7V, 

20 7W in an embodiment that will be described later)laid 
out along an underside of a floor (for example, a floor 
14 in the embodiment that will be described later on) of 
a hybrid vehicle (forexample, a hybrid vehicle 1 in the 
embodiment that will be described later on) which is driv- 

25 en to run by an engine (for example, an engine 2 in the 
embodiment that will be described later on) and a motor 
(for example, a motor/generator 3 in the embodiment 
that will be described later on), wherein the power ca- 
bles connect a power converter (for example, an inverter 

30 6 in the embodiment that will be described later on) dis- 
posed outside an engine compartment (for example, an 
engine compartment 11 that will be described later on) 
with the motor disposed inside the engine compartment, 
wherein the power cables are individually passed 

35 through metallic protection pipes (for example, protec- 
tion pipes 30 in the embodiment that will be described 
later on) under the floor, and the metallic protection 
pipes are then supported from the underside of the floor, 
and wherein, in the engine compartment, the power ca- 

40 bles are passed through a flexible protection tube (for 
example, a protection tube 20 in the embodiment that 
will be described later on). 

[0010] According to the construction, the power ca- 
bles can be simply laid out along the underside of the 

45 floor of the hybrid vehicle. In addition, the protection 
pipes protects the power cables against jumping peb- 
bles and splashed water. Furthermore, since the protec- 
tion pipes have the rigidity, the protection pipes prevent 
the deflection of the power cables. The protection pipes 

50 cut off the conduction of heat from the outside so as to 
protect the power cables against a damage that would 
be caused by heat. Since the protection pipes have an 
electromagnetic shielding function, non-shielding ca- 
bles can be used as the power cables. 

55 [001 1] On the other hand, since the portions of the 
power cables that are connected to the motor are 
passed through the flexible protection tube in the engine 
compartment the connecting job of the power cables 
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with the motor can be facilitated, and the vibration of the 
engine can be absorbed. 

[0012] According to a third aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture as set forth in the second aspect of the invention, 
wherein the protection tube includes an iron corrugated 
tube or an iron flexible tube having a net-like shield por- 
tion. 

[001 3] According to the construction, an electromag- 
netic shielding function can be imparted to the protection 
tube, and non-shielding cables can be used as the pow- 
er cables. 

[0014] According to a fourth aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture as set forth in the first or second aspect of the in- 
vention, wherein the protection pipe is formed by being 
bent after the power cable is passed therethrough. 
[0015] According to the construction, the power ca- 
bles and the protection pipes can be formed simultane- 
ously into a configuration that follows a route along 
which the power cables are laid out. In addition, since 
the power cable is passed through the protection pipe 
before the protection pipe is bent, the laying-out job of 
the power cables can be facilitated. 
[0016] According to a fifth aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture as set forth in the first or second aspect of the in- 
vention, wherein the protection pipe is decreased in di- 
ameter by crimping an intermediate portion of the pro- 
tection pipe along the length thereof. 
[001 7] According to the construction, the power cable 
can easily be disposed substantially on a central axis of 
the protection pipe. 

[0018] According. to a sixth aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture as set forth in the first or second aspect of the in- 
vention, wherein the protection pipe is divided into a plu- 
rality of protection pipes, the plurality of protection pipes 
so divided being connected to each other by an iron cor- 
rugated tube (for example, a corrugated tube 33 in the 
embodiment that will be described later on) or an iron 
flexible tube having a net-like shield. 
[0019] According to the construction, a dimensional 
tolerance can be absorbed by the iron flexible tube by 
which the protection pipes are connected to each other. 
[0020] According to a seventh aspect of the invention, 
there is provided a vehicle power cables retaining struc- 
ture as set forth in any of the first to sixth aspect of the 
invention, wherein a refrigerant (for example, a cooling 
air in the embodiment that will be described later on) is 
allowed to flow through a gap (for example, a gap 32 in 
the embodiment that will be described later on) formed 
between the protection pipe and the power cable. 
[0021] According to the construction, the power ca- 
bles can be cooled, and the protection pipes can also 
be cooled. 

[0022] According to an eighth aspect of the invention, 
there is provided a vehicle power cables retaining struc- 



ture as set forth in the seventh aspect of the invention, 
wherein a fin (for example, a fin 34, 35, 36 in the em- 
bodiment that will be described later on) is provided on 
at least either of an inner surface or an outer surface of 
5 the protection pipe in such a manner as to protrude 
therefrom. 

[0023] According to the construction, in the event that 
the fin is provided on the inner surface of the protection 
pipe, the contact surface with the refrigerant is in- 
to creased, and the cooling effect on the protection pipe is 
increased. On the other hand, in the event that the fin is 
provided on the outer surface of the protection pipe, the 
contact area with air flowing the outside of the protection 
pipe is increased, and the cooling effect on the protec- 
ts tion pipe is increased. In either of the cases, the high- 
tension cables 7 are made difficult to be subjected to 
heat from the outside. In addition, the fin increases the 
rigidity of the protection pipe. 

[0024] According to a ninth aspect of the invention, 
20 there is provided a vehicle power cables retaining struc- 
ture as set forth in the eighth aspect of the invention, 
wherein the fin has a T-shaped cross section. 
[0025] According to the construction, the surface area 
of the fin can be increased. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

30 Fig. 1 is a vision through side view of a parallel-type ' 
hybrid vehicle 1 provided with a vehicle power ca- 
bles retaining structure according to the invention. 
Fig. 2 is a perspective view of a first embodiment of 
a vehicle power cables retaining structure accord- 

35 ing to the invention. 

Fig. 3 is a cross-sectional view showing a state in 
which protection pipes are mounted in the first em- 
bodiment. 

Ftg. 4 is a perspective view showing crimped por- 
40 tions of the protection pipes in the first embodiment. 
Fig. 5 is a cross-sectional view showing a state in 
which end portions of the protection pipes are treat- 
ed according to the first embodiment 
Fig. 6 is a cross-sectional view of the protection pipe 
45 through which a shielding cable is passed. 

Fig. 7 is a perspective view showing connecting por- 
tions of divided protection pipes according to the 
first embodiment. 

Fig. 8 is a cross-sectional view of a crimped portion 
50 of a protection pipe according to a second embod- 
iment of a vehicle power cables retaining structure 
of the invention. 

Fig. 9 is a cross-sectional view (part 1) of a protec- 
tion pipe according to the second embodiment. 
55 Fig. 10 is a cross-sectional view (part 2) of a pro- 
tection pipe according to the second embodiment. 
Fig. 11 is a cross-sectional view (part 3) of a protec- 
tion pipe according to the second embodiment. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Referring to Figs. 1 to 11, embodiments of ve- 
hicle power cables retaining structures according to the 
invention will be described below. 

(First Embodiment) 

[0028] Firstly, referring to Figs. 1 to 7, a first embodi- 
ment of a vehicle cable powers retaining structure ac- 
cording to the invention will be described. 
[0029] Fig. 1 Is a vision through side view showing a 
layout of a main construction of a parallel-type hybrid 
vehicle 1 provided with the vehicle power cables retain- 
ing structure, and Fig. 2 is a perspective view of the pow- 
er cables retaining structure. 

[0030] In this hybrid vehicle 1 , an engine 2 and a mo- 
tor/generator 3, which are sources of power, and an au- 
tomatic transmission 4 are connected directly in series. 
The motor/generator 3 is a three-phase DC brushless 
motor, and the traction of the engine 2 and the motor/ 
generator 3 is transmitted to front wheels 5, which are 
driving wheels, via the automatic transmission 4. In ad- 
dition, in decelerating the hybrid vehicle 1, when the 
traction is transmitted from the front wheels 5, which are 
the driving wheels, to the motor/generator 3, the motor/ 
generator 3 functions as a generator so as to generate 
a so-called regenerative braking force and recovers ki- 
netic energy as electric energy. The recovered electric 
energy is stored in a high-tension battery (not shown) 
via an inverter (a power converter) 6. 
[0031] The engine 2 and the motor/generator 3 are 
accommodated in an engine compartment 11 ahead of 
a passenger compartment 10, and in this embodiment, 
the inverter 6 is disposed under a first seat 13A which 
constitutes a driver's seat or a front-passenger seat, and 
the motor/generator 3 and the inverter 6 are connected 
by three-phase high-tension cables (power cables) 7U, 
7V, 7W. Hereinafter, in a case where phases do not have 
to be distinguished specifically, the three-phase high- 
tension cables are generally referred to as "high-tension 
cables 7". 

[0032] The high-tension cables 7 connected to the 
motor/generator 3 pass through an underside of a floor 
14 from the engine compartment 11 and rises below the 
inverter 6 so as to be connected to the inverter 6. 
[0033] In this embodiment, as shown in Fig. 3, the 
high-tension cable 7 is made up of a so-called non- 
shielding cable formed by covering a conductor 7a with 
an insulating material. 

[0034] In the engine compartment 1 1 , the three-phase 
high-tension cables 7U, 7V, 7W are passed through a 
single flexible iron corrugated tube (a protection tube) 
20 all together over a predetermined distance from the 
engine 2, and the high-tension cables 7U, 7V, 7W in the 
respective phases are individually passed through me- 
tallic (for example, aluminum) protection pipes 30 be- 



yond a distal end of the corrugated tube and on the un- 
derside of the floor 14. 
. [0035] An inside diameter of the protection pipe 30 is 
set such that a gap of a predetermined dimension is pro- 
s duced between the high-tension cable 7 and the protec- 
tion pipe 30 when the high-tension cable 7 is passed 
through the protection pipe 30, and the protection cable 
30 is formed by being bent to a configuration of a route 
along which the high-tension cable 7 is to be laid out 
10 after the high-tension cable 7 is passed through the pro- 
tection pipe 30 in advance. In addition, after the high- 
tension cable 7 is passed through the protection pipe 30 
in advance, the protection pipe 30 is crimped to be de- 
creased in diameter at a predetermined location thereof 
which is located at an intermediate position along the 
length of the route along which the high-tension cable 7 
is laid out, as shown in Fig. 4, and an inner circumfer- 
ential surface of the protection pipe 30 closely contact 
an outer circumferential surface of the high-tension ca- 
ble 7 at the crimped portion 31, whereby the high-ten- 
sion cable 7 is allowed to be disposed substantially on 
a central axis of the protection pipe 30, thereby making 
it possible to form a gap 32 around the high-tension ca- 
ble 7 circumferentially equally. 

[0036] Thus, since the protection pipe 30 is formed 
and worked, that is, bent and crimped after the protec- 
tion pipe 30 is passed through the protection pipe 30, 
the workability can be improved markedly when com- 
pared with a case where the high-tension cable 7 is 
passed through the protection pipe 30 after the protec- 
tion pipe 30 is bent and the like. In addition, since the 
high-tension cable 7 and the protection pipe 30 can be 
simultaneously formed into a configuration which fol- 
lows a rough along which the high-tension cable 7 has 
to be laid out, the productivity can be enhanced to an 
extremely high level. 

[0037] As shown in Fig. 3, the protection pipe 30 
through which the high-tension cable 7 is already 
passed is laid out along the underside of the floor and 
is then supported on the floor 14 via a resin clip 40. 
[0038] To describe in detail, a bolt engagement hole 
41 having a plurality of locking claws 44 on an inner cir- 
cumferential surface thereof is provided at each end of 
the clip 40, and three recessed fitting portions 42 into 
which the protection pipe 30 can fit are provided so as 
to be aligned in parallel between both the bolt engage- 
ment holes 41, 41. The recessed fitting portion 42 is 
made to open at a top thereof, and locking claws 43 are 
provided on both sides of the opening in such a manner 
as to approach each other as they extend inwardly. 
[0039] The protection pipe 30 is forced into each fitting 
recessed portion 42 from the open side thereof while 
press compressing the locking claws 43. When a lower 
semi-circular portion of the protection pipe 30 reaches 
to lower ends of the locking claws 43, since the locking 
claws 43 attempt to return to their initial configuration by 
virtue of resiliency, the protection pipe 30 is then pushed 
into a bottom portion of the recessed fitting portion 42 
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by virtue of the resiliency of the locking claws 43. When 
the protection pipe 30 hits the bottom portion of the re- 
cessed fitting portion 42. the protection pipe 30 is firmly 
held by the bottom portion of the recessed fitting portion 
42 and the locking claws 43, whereby the removal from 
the recessed fitting portion 42 is prevented. 
[0040] After three protection pipes 30 are fitted into 
the clip as is described above, when the clip 40 is forced 
on a pair of stud bolts 1 5, 1 5 which are fixed downwardly 
through the floor 14 in advance while attempting to fit 
the bolt engagement holes 41, 41 in the clip 40 on the 
stud bolts 15, 15 so fixed, the locking claws 44 in the 
bolt engagement holes 41 are brought into engagement 
with threads on the stud bolts 15, whereby the clip 40 is 
fixed onto the floor 14, whereby the high-tension cable 
7 is laid out along the underside of the floor 14. 
[0041] Note that the clip 40 maybe mounted at the 
crimped portion 31 of the protection pipe 30, and as this 
occurs, the positioning of the clip 40 can be facilitated. 
[0042] As shown in Fig. 5, an end portion of the pro- 
tection pipe 30 which faces the inverter 6 is fixed to a 
plate-like bracket 16. 

[0043] To describe in detail, an oval through hole 14a 
is opened in the floor 14 at a position below the inverter 

6 for allowing the high4ension cables 7U, 7V, 7W to 
pass therethrough, and furthermore, the plate-like 
bracket 16 is fixed to the floor 14 with bolts 17a and nuts 
17b so as to close the through hole 14a. Three through 
holes 1 6a are formed in the bracket 1 6 in such a manner 
as to be aligned in parallel, and the end portion of the 
protection pipe 30 through which the high-tension cable 

7 is already passed is inserted into each through hole 
16a one by one, and the end portion of each protection 
pipe 30 is crimped to be fixed to the bracket 16 in such 
a manner as to hold an inner circumferential edge of the 
through hole 16a in the bracket 16 from both sides in an 
axial direction. In addition, a grommet 18 is held be- 
tween the bracket 16 and the floor 14, and the high-ten- 
sion cables 7U, 7V, 7W which protrude from the end por- 
tions of the protection cables 30 are passed through in 
a sealed fashion three through holes 18 formed in the 
grommet 18, respectively. 

[0044] The end portions of the protection pipes 30 are 
fixed to the floor 14 as will be described below. Firstly, 
the respective end portions of the three protection pipes 
30 through which the high-tension cables 7U, 7V, 7W 
are passed, respectively, are inserted into the through 
holes 16a in the bracket, respectively; and the end por- 
tions are crimped to be fixed to the inner circumferential 
edges of the respective through holes 16a. Next, the 
high-tension cables 7U, 7V, 7W which protrude from the 
end portions of the respective protection pipes 30 are 
passed through the through holes 18a in the grommet 
18, respectively, so that the grommet 18 is allowed to 
hit the bracket 1 6 and the end portions of the protection 
pipes 30. Next, the high-tension cables 7U, 7V, 7W and 
tube portions 18b of the grommet 18 are inserted into 
the through holes 14a in the floor 14 from the bottom 
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side of the floor 14 to produce a state in which a circum- 
ferential edge, portion of the grommet 18 is held by the 
floor 14 and the bracket 16, and the bracket 16 is then 
fixed with the bolts 17a and the nuts 17b. 

5 [0045] Thus, after the protection pipes 30 through 
which the high-tension cables 7U, 7V, 7W are passed 
are fixed to the floor 14, the high-tension cables 7U, 7V, 
7W which protrude from the protection pipes 30 are con- 
nected to the inverter 6. 

10 [0046] In addition, the other ends of the protection 
pipes 30 through which the high-tension cables 7 are 
passed are caused to rise into the engine compartment 
1 1 , and as shown in Fig. 2, end portions of the protection 
pipes 30 are crimped and fixed together by a cap 21. 

15 Then, the high-tension cables 7U, 7V, 7W which are ex- 
posed from the cap 2 1 are passed through the corrugat- 
ed tube 20, and one end portion of the corrugated tube 
20 is crimped into the cap 21, whereas the other end 
portion of the corrugated tube 20 is crimped and fixed 

20 to a terminal box (not shown) of the motor/generator 3, 
whereby the high-tension cables 7U, 7V, 7W are con- 
nected to the motor/generator 3 within the terminal box. 
[0047] According to the vehicle power cables retain- 
ing structure of the first embodiment, the high-tension 

25 cables 7 can be simply laid out on the underside of the 
floor 14 of the hybrid vehicle 1 , whereby the working ef- 
ficiency in laying out the high-tension cables 7 is im- 
proved and hence the productivity is improved. 
[0048] In addition, the protection pipe 30 protects the 

30 high-tension cable 7 against jumping pebbles and 
splashed water. Furthermore, the protection pipe having 
the rigidity prevents the deflection of the high-tension 
cable 7 that would occur due to its gravity and 
vibrations . In addition, the protection pipe cuts off the 

35 conduction of heat from the outside so as to protect the 
high-tension cable 7 against a damage that would be 
caused by heat. 

[0049] Furthermore, since the protection tube 20 and 
the protection pipe have an electromagnetic shielding 

4Q function, a non-shielding cable can be adopted for the 
high-tension cable 7, and as a result, the high-tension 
cable 7 can be made smaller in diameter and lighter in 
weight, thereby making it possible to make the protec- 
tion tube 20 and the protection pipe 30 smaller in diam- 

45 eter and lighter in weight. 

[0050] Note that while, in this embodiment, the non- 
shielding cable is adopted as the high-tension cable 7, 
a shielding cable can be used as the high-tension cable 
7, the shielding cable including, as shown in Fig. 6, a 

so conductor 7a, an insulating material 7b, an electromag- 
netic shielding wire 7c and an insulating material 7d. In 
this case, since the protectiorfpipe 30 also has the elec- 
tromagnetic shielding function, the noise preventing 
performance is enhanced. 

55 [0051] In addition, since the connecting portions of the 
high-tension cables 7 to the motor/generator 3 are ac- 
commodated in the flexible corrugated tube 20, vibra- 
tions of the engine 2 can be absorbed by the corrugated 
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tube 20 so as to eliminate a risk that the vibrations of 
the engine 2 are transmitted to the protection pipes 30 
and hence to the inverter 6. Additionally, the tolerance 
in dimension in laying out the high-tension cables 7 can 
also be absorbed by the corrugated tube 20, the laying- 
out job is facilitated and hence the productivity is en- 
hanced. 

[0052] Note that even when an iron flexible tube hav- 
ing a net-like shielding portion is used for the corrugated 
tube 20, similar function and advantage to those provid- 
ed when the corrugated tube 20 is used can be provided. 
[0053] In addition, since the high-tension cable 7 
canbe disposed substantially on the axial center of the 
protection pipe 30 by providing the crimped portions 31 
at several intermediate locations along the length of the 
protection pipe 30, the contact area between the high- 
tension cable 7 and the protection pipe 30 can be de- 
creased markedly, thereby making it possible to prevent 
the high-tension cable 7 being damaged from the friction 
with the protection pipe 30. In addition, since the gap 32 
is formed circumferentially equally between the high- 
tension cable 7 and the protection pipe 30, air residing 
within the gap 32 functions as a heat insulating layer, 
whereby the high-tension cable 7 is made difficult to be 
subjected to a damage caused by heat from the outside. 
[0054] Note that while, in the embodiment, the protec- 
tion pipes 30 through which the high-tension cables 7U, 
7V, 7W in the respective phases are constructed as a 
single individual pipe, respectively, the protection pipes 
30 through which the high-tension pipes 7U, 7V, 7W in 
the respective phases are passed may be each divided 
into a plurality of pipes, and the protection pipes 30 so 
divided may be connected to each other by an iron cor- 
rugated tube 33, as shown in Fig. 7. According to this 
construction, since the tolerance in dimension in laying 
out the high-tension cable 7 can be absorbed by the cor- 
rugated tube 33, the laying-out work can be facilitated 
further. 

, [0055] Note that even when the iron flexible tube hav- 
ing anet-like shielding portion is used for the corrugated 
tube 33, similar function and advantage to those provid- 
ed when the corrugated tube 33 is used can be provided. 

(Second Embodiment) 

[0056] Next, a second embodiment of a vehicle power 
cables retaining structure according to the invention will 
be described. The vehicle power cables retaining struc- 
ture according to the second embodiment differs from 
that according to the first embodiment only in that'the 
gap 32 formed between the protection pipe 30 and the 
high-tension cable 7 is used as a cooling passageway 
so that cooling air (a refrigerant) is allowed to pass 
through the gap 32. 

[0057] Thus, when cooling air is passed through the 
gap 32, since not only can the high-tension cable 7 be 
cooled but also the protection pipe 30 can be cooled, a 
heat damage caused from the outside can be prevented 



in an ensured fashion. In addition, the high-tension ca- 
ble 7 can be maintained at a predetermined temperature 
or lower by adjusting the flow rate and temperature of 
the cooling air. 

5 [0058] In addition, in a case where the gap 32 is used 
as the cooling passageway, since the cooling passage- 
way is closed in the event that the protection pipe 30 is 
crimped completely therearound when forming the 
crimped portions 31 on the protection pipe 30, for ex- 

10 ample, as shown in Fig. 8, the protection pipe 30 is 
crimped circumferentially at certain intervals so as to be 
crimped only at a plurality of locations, so that gaps 32 
produced on axial sides of each crimped portion can 
open a communication, respectively. In this case, in or- 

15 der to disposed the high-tension cable 7 on the axial 
center of the protection pipe 30, it is preferable to crimp 
the protection pipe 30 at three or more circumferential 
locations. 

[0059] Modified examples of protection pipes 30 
20 when using the gap 32 as the cooling passageway are 
shown in Figs. 9 to 11 . 

[0060] An embodiment shown in Fig. 9 is an example 
where fins 34 are provided on an outer circumferential 
surface of a protection pipe 30 in such a manner as to 

25 protrude therefrom radially outwardly. When the fins 34 
are provided on the outer circumferential surface of the 
protection pipe 30, the contact area with air or atmos- 
phere flowing outside the protection pipe 30 is in- 
creased, a larger cooling effect can be provided on the 

30 protection pipe 30 by the atmosphere. In addition, since 
the cooling air is cooled via the protection pipe 30, a 
larger cooling effect can also be provided on the high- 
tension cable 7. Furthermore, the rigidity of the protec- 
tion pipe 30 can be increased. 

35 [0061] Note that there is imposed no limitation on the 
configuration, dimensions and number of the fins 34 so 
provided. 

[0062] An embodiment shown in Fig. 1 0 is an example 
where fins 35 are provided on an inner circumferential 

40 surface of a protection pipe 30 in such a manner as to 
protrude therefrom radially inwardly. When the fins 35 
are provided on the inner circumferential surface of the 
protection pipe 30, the contact area with air flowing 
through a gap 32 is increased, whereby a larger cooling 

45 effect can be provided on the high-tension cable 7 by 
the cooling air. Consequently, the high-tension cable 7 
is made difficult to be subjected to a heat damage from 
the outside. 

[0063] In particular, since the fins 35 in the embodi- 
50 ment shown in Fig. 10 are each formed so as to have a 
substantially T-shape which allows for a larger surface 
area, the cooling effect onto the protection pipe be- 
comes extremely large. However, the configuration of 
the fin 35 is not limited to the T-shape but a variety of 
55 configurations may be adopted. In addition, the dimen- 
sions and number of fins 35 provided are not limited in 
any way. 

[0064] In addition, the fins 35 increases the rigidity of 
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the protection pipe 30. 

[0065] An embodiment shown in Fig. 11 is an example 
where fins 36, 37 are provided both inner and outer sur- 
faces of a protection pipe 30 in such a manner as to 
protrude therefrom. When the finds 36, 37 are provided 
on the inner circumferential surface and the outer cir- 
cumference surface of the protection pipe 30, the con- 
tact areas with air flowing inside the protection pipe 30 
(namely, through a gap 32) and the atmosphere flowing 
outside the protection pipe 30 are increased, whereby 
the cooling effect on the protection pipe 30 both by the 
cooling air and the atmosphere is increased. In addition, 
since the cooling air is cooled via the protection pipe 30, 
the cooling effect on the high-tension cable 7 is also in- 
creased. Additionally, the fins 36, 37 increase the rigidity 
of the protection pipe 30. 

[0066] Note that there is no limitation imposed on the 
configuration, dimensions and number of the fins 36, 37 
so provided. 

(Other Embodiments) 

[0067] Note that the invention is not limited to the em- 
bodiments that are described heretofore. 
[0068] For example, while, in the embodiments, the 
inverter 6 is placed below the first seat 13, the inverter 
6 may be placed below a second seat 1 3B or a third seat 
13C, as shown by double-dashed lines in Fig. 1. Alter- 
natively, the inverter 6 may be placed on the underside 
of the floor 14. 

[0069] In addition, the power cables may be low-ten- 
sion cables, and the vehicle power cables retaining 
structures according to the invention can be applied to 
a retaining structure for low-tension cables for connect- 
ing a DC/DC converter (a power converter) with a low- 
voltage battery (for example, a 12V-battery). 
[0070] Furthermore, the invention can be applied not 
only to the hybrid vehicle but also an electric vehicle hav- 
ing only a motor as a power source. 
[0071] As is described heretofore, according to the 
first aspect of the invention, there is provided a superior 
advantage that the power cables can be simply laid out 
on the underside of the floor of the vehicle and hence, 
the workability and productivity can be improved. 
[0072] In addition, there is also provided a superior 
advantage that the protection pipes protects the power 
cables against jumpingpebbles, spiashedwaterandheat 
damages from the outside and prevents the deflection 
of the power cables. In addition, there is provided an 
advantage that non-shielding cables can be adopted as 
the power cables, and as a result, the power cables can 
be made smaller in diameter and lighter in weight, and 
hence the protection pipe can be made smaller in diam- 
eter and lighter in weight 

[0073] According to the second aspect of the inven- 
tion, there is provided a superior advantage that the 
power cables can be simply laid out on the underside of 
the floor of the hybrid vehicle and hence the workability 



and productivity can be improved. . 
[0074] In addition, there is also provided an advan- 
tage that under the floor, the protection pipes protect the 
power cables against jumping pebbles, splashed water 

5 and heat damages from the outside and prevents the 
deflection of the power cables. In addition, there is pro- 
vided an advantage that non-shielding cables can be 
adopted as the power cables, and as a result, the power 
cables can be made smaller in diameter and lighter in 

10 weight, and additionally, the protection pipe can be 
made smaller in diameter and lighter in weight. 
[0075] On the other hand, since the portions of the 
power cables that connect to the motor in the engine 
compartment are passed through the flexible protection 

15 tube, vibrations such as resulting from the engine or the 
like can be absorbed by the protection tube, and there- 
fore, there is caused no risk that the vibrations are trans- 
mitted to the protection pipes and hence to the inverter. 
In addition, since the tolerance in dimensions in laying 

20 out the power cables can be absorbed by the protection 
tube, the power cable laying-out job is facilitated and 
hence the productivity is improved. 
[0076] According to the third aspect of the invention, 
since the electromagnetic shielding function can be im- 

25 parted to the protection tube, there is provided an ad- 
vantage that non-shielding cables can be adopted as 
the power cables, and as a result, the power cable can 
be made smaller in diameter and lighter in weight, and 
additionally; the protection tube can also be made small- 

30 er in diameter and lighter in weight. 

[0077] According to the fourth aspect of the invention, 
since the power cable can be passed through the pro- 
tection pipe before the protectionpipe is bent and the 
power cable and the protection pipe can be simultane- 

35 ously formed into a configuration which follows a route 
along which the power cable is laid out, there is provided 
a superior advantage that the power cable laying-out job 
is facilitated. 

[0078] According to the fifth aspect of the invention, 

40 since the power cable can be disposed substantially at 
the axial center of the protection pipe, there is provided 
an advantage that the contact area between the power 
cable and the protection pipe can be decreased mark- 
edly so that not only the power cable can be prevented 

45 from being damaged through a friction with the protec- 
tion pipe but also that the power cable is made difficult 
to be subjected to a heat damage from the outside. 
[0079] According to the sixth aspect of the invention, 
since the tolerance in dimension in laying out the power 

50 cables can be absorbed by the corrugated tube or the 
flexible tube which is used to connect the protection 
pipes each other, there is provided an advantage that 
the power cable laying out work is facilitated. 
[0080] According to the seventh aspect of the inven- 

55 tion, since not only the power cables but also the pro- 
tection pipes can be cooled, there is provided an advan- 
tage that a heat damage caused from the outside can 
be prevented in an ensured fashion, and there is also 
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supported from the underside of the floor, and 
in the engine compartment, the power cabies 
are passed through a flexible protection tube. 

5 3. The vehicle power cables retaining structure as set 
forth in Claim 2, wherein 

the protection tube includes an iron corrugat- 
ed tube or an iron flexible tube having a net-like 
shield portion. 

10 

4. The vehicle power cables retaining structure as set 
forth in Claim 1, wherein 

the protection pipe is formed by being bent af- 
ter the power cable is passed therethrough. 

15 

5. The vehicle power cables retaining structure as set 
forth in Claim 1 , wherein 

the protection pipe is decreased in diameter 
by crimping an intermediate portion of the protec- 
20 tion pipe along the length thereof. 



provided an advantage that the power cables can be 
maintained at a predetermined temperature or lower by 
adjusting the flow rate and temperature of the refriger- 
ant. 

[0081] According to the eighth aspect of the invention, 
since the surface area of the protection pipe can be in- 
creased by providing the fins, there is provided an ad- 
vantage that the cooling effect on the protection pipe can 
be increased, whereby the power cable is made difficult 
to be subjected to a heat damage from the outside. In 
addition, since the cooling air is also cooled via the pro- 
tection pipe, there is provided an advantage that the 
cooling effect on the power cable can be increased. Fur- 
thermore, there is provided an advantage that the rigid- 
ity of the protection pipe can be enhanced. 
[0082] According to the ninth aspect of the invention, 
since the surface area of the fins can be increased, there 
is provided an advantage that the cooling effect on the 
protection pipe can further be enhanced. 
[0083] High-tension cables 7U, 7V, 7W connect an in- 
verter 6 disposed outside an engine compartment with 
a motor/generator 3 disposed in the engine compart- 
ment, the high4ension cables 7U, 7V, 7W are individu- 
ally passed through metallic protection pipes 30 under 
a floor of a vehicle, the protection pipes 30 are supported 
from an underside of the floor, and the high-tension ca- 
bles 7U, 7V, 7W are passed through a protection tube 
20 over a predetermined distance from the motor/gen- 
erator 3 in the engine compartment. 



Claims 

1. A vehicle power cables retaining structure for re- 
taining power cables, comprising: 

power cables laid out along an underside of a 
floor of an electric vehicle, and 
metallic protection pipes for passing the power 
cables individually therethrough, wherein 
the metallic protection pipes are then retained 
on the underside of the floor of the vehicle. 

2- A vehicle power cables retaining structure for re- 
taining power cables, comprising: 

power cables laid out along an underside of a 
floor of a hybrid vehicle which is driven to run 
by an engine and a motor; 
metallic protection pipes; and 
a flexible protection pipes, wherein 
the power cables connect a power converter 
disposed outside an engine compartment with 
the motor disposed inside the engine compart- 
ment, 

the power cables are individually passed 
through metallic protection pipes under the 
floor, and the metallic protection pipes are then 



6. The vehicle power cables retaining structure as set 
forth in Claim 1, wherein 

the protection pipe is divided into a plurality of 
25 protection pipes, the plurality of protection pipes so 
divided being connected to each other by an iron 
corrugated tube or an iron flexible tube having a net- 
like shield. 

30 7. The vehicle power cables retaining structure as set 
forth in Claim 1 , wherein 

a refrigerant is allowed to flow through a gap 
formed between the protection pipe and the power 
cable. 

35 

8- The vehicle power cables retaining structure as set 
forth in Claim 7, further comprising: 

a fin provided on at least either of an inner sur- 
40 face or an outer surface of the protection pipe 

in such a manner as to protrude therefrom. 

9. The vehicle power cables retaining structure as set 
forth in Claim 8, wherein 

45 the fin has a T-shaped cross section. 

1 0. The vehicle power cables retaining structure as set 
forth in Claim 2, wherein 

the protection pipe is formed by being bent af- 
50 ter the power cable is passed therethrough. 

1 1 . The vehicle power cables retaining structure as set 
forth in Claim 2, wherein 

the protection pipe is decreased in diameter 
55 by crimping an intermediate portion of the protec- 
tion pipe along the length thereof. 

12. The vehicle power cables retaining structure as set 
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forth in Claim 2, wherein 

the protection pipe is divided into a plurality of 
protection pipes, the plurality of protection pipes so 
divided being connected to each other by an iron 
corrugated tube oran iron flexible tube having a net- 5 
like shield. 

13. The vehicle power cables retaining structure as set 
forth in Claim 2, wherein 

a refrigerant is allowed to flow through a gap n> 
formed between the protection pipe and the power 
cable. 

14. The vehicle power cables retaining structure as set 
forth in Claim 13, further comprising: *5 

a fin provided on at least either of an inner sur- 
face or an outer surface of the protection pipe 
in such a manner as to protrude therefrom. 

20 

1 5. The vehicle power cables retaining structure as set 
forth in Claim 14, wherein 

the fin has a T-shaped cross section. 

25 
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FIG. 3 
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